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Abstract: The aim of this study was to use contrast-enhanced ultrasound (CEUS) to evaluate renal perfusion after
kidney transplantation and investigate the clinical significance of CEUS in monitoring postoperative renal perfusion.
Thirty-five patients who underwent kidney transplantations were included in this study and divided into two groups-
normal and abnormal-based on their serum creatinine (SCr) levels. Conventional ultrasound and CEUS were used
to monitor renal perfusion after kidney transplantation. The differences in the results between the two groups were
then compared. Color doppler ultrasonography showed that there were significant differences in the resistance
index (RI) and the pulsatility index (Pl) of the interlobar artery between the groups. Furthermore, CEUS indicated
a significant difference between the two groups regarding the slope rate of the cortical ascending curve (A1), the
medullary ascending curve (A2), and the derived peak intensity (DPI1). CEUS precisely showed the characteristics of
microcirculation in renal parenchyma after kidney transplantation. It also detected changes in the microcirculation,
which was a new method of evaluating tissue perfusion in transplanted kidneys.
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Introduction

Nowadays, kidney transplantation is recog-
nized as the best way to treat end-stage renal
disease; thus, it has obtained more attention
from hospitals, families, and societies. With the
development of kidney transplantation tech-
niques and the popularity of new immunosup-
pressive agents, the survival rates in patients
with grafted kidneys have improved significant-
ly [1]. However, the complications after renal
transplantation are still important reasons for
graft dysfunction and functional loss; there-
fore, if they can be detected and treated early,
the postoperative survival rate can be greatly
improved [2, 3].

The color doppler ultrasound can provide a lot
of information about the transplanted kidney’s
morphology and blood circulation, simultane-
ously; thus, it was an important method to
detect complications after renal transplanta-
tion. However, the color doppler ultrasound had

limitations such as insensitivity to low blood
flow and detection-angle dependence, which
made it difficult to provide information about
the renal microcirculation. Its role in assessing
the perfusion in a transplanted kidney was
thereby limited [4, 5].

The CEUS technology uses acoustic contrast,
with the diameter of a microvesicle of only 3-8
pum, to enhance the ultrasonic images of tis-
sues and organs based on the perfused micro-
vascular bed, so that the tissue-blood fusion in
solid organs can be understood. It can evaluate
the physiological and pathological changes of
solid organs through the quantitative analysis
of blood flow [6, 7]. In recent years, the role of
this technology in detecting complications post-
renal transplantation has obtained increasing
attention [8-10].

This study used the CEUS technology to evalu-
ate the status of renal blood perfusion after
renal transplantation and made comparisons
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Table 1. Comparisons of 2-dimensional ultrasound
and color Doppler ultrasound between normal group
and abnormal group

SCr Normal SCr Abnormal

Index
group group

accordance with the declaration of
Helsinki. This study was conducted with
approval from the Ethics Committee of
Capital Medical University. Written inform-
ed consent was obtained from all parti-

2-dimensional ultrasound

Renal volume (cm?) 172.42+37.22 208.24+114.53
Color Doppler ultrasound

Segmental artery PSV 66.41+27.71 59.27+24.48

EDV 18.29+4.75 13.10+£8.39
RI 0.70+0.19 0.74+0.10
Pl 1.45+0.36 1.68+0.58
Interlobar artery PSV 54.20417.23  48.09+12.77
EDV 15.23+4.50 11.09+5.73
RI 0.70+0.66 0.80+0.13*
Pl 1.46+0.26 2.00+0.67*
Arcuate artery PSV 41.50+11.83  42.09+18.55
EDV 11.15+3.83 14.20+4.50
RI 0.74+0.26 0.77+0.34
Pl 1.68+0.30 1.80+0.84

cipants.
Conventional ultrasound scan

Conventional two-dimensional ultrasound
scan was performed by IU22 ultrasono-
scope (PHILIP Company, Eindhoven, Hol-
land) to observe kidney size and calculate
kidney volume (length x width x thickness
x 11/6). Color Doppler flow imaging showed
the blood supply of the transplanted kid-
ney. Meanwhile, the peak systolic velocity
(PSV), end diastolic velocity (EDV), and
resistance Index (RI) of the segmental
artery, interlobar artery, and arcuate artery
were measured. Furthermore, the pulsatil-
ity index (Pl) was also measured three

SCr normal group vs. SCr abnormal group *P < 0.05. PSV, peak
systolic velocity; EDV, end diastolic velocity; RI, Resistance Index; PI,
pulsatility index.

using the conventional color doppler ultra-
sound. The aims were to investigate its applica-
tion values in monitoring the postoperative sta-
tus of renal blood perfusion and to diagnose
the complications; thus, provide new research
methods for the early diagnosis and identifica-
tion of renal transplantation complications.

Materials and methods
Study subjects

Thirty-five renal allograft recipients, who under-
went kidney transplantation surgeries within
1-6 months in Beijing Chaoyang Hospital from
January 2010 to December 2010, were includ-
ed. Allograft recipients excluded from this study
were patients who failed to survive, or under-
went repeated transplantation operations,
suffered from urinary obstruction, peri-renal
hematoma, and local infection in the operative
area. The participants included 28 males and 7
females, whose mean age was 37.3 years old
(15-59 years). The 35 recipients were divided
into two groups: a normal group, with serum
creatinine (SCr) levels < 140 umol/L (24 cases)
and an abnormal group with SCr > 140 ymol/L
(11 cases) [11]. This study was conducted in
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times and the average value obtained.

Contrast-enhanced ultrasound

Contrast agent SonoVue (Bracco Company,
Milan, Italy) was purchased from Bracco Com-
pany. Physiological saline (5 mL, 0.9% NaCl)
was added to SonoVue solution, which was
then shaken until CEUS was formed. IU22 ultra-
sonoscope showed the optimal sections of the
vascular dendritic structure of the inner seg-
ment arteries, interlobar arteries, and arcuate
arteries. A “bolus-like” injection was conducted
to administrate 1 mL of contrast agent into the
left forearm veins, followed by the injection of 5
mL of physiological saline. The imaging process
was then recorded for 2 minutes. QLAB con-
trast ultrasound quantitative analysis software
was used to observe contrastographic images.
For quantitative analysis of renal tissue perfu-
sion, the region of interest (ROI) was focused
on the cortex and medulla respectively, but not
the interlobar arteries and the arcuate arteries
of the cortex. The ROl in the medulla was a
square region with an inside diameter of 5 mm.
The time-intensity curve was pictured by soft-
ware. The parameters included the slope rate
of the ascending curve (A), the time to peak
(TTP), the derived peak intensity (DPI) and the
area under the curve (AUC). A means the aver-
age speed of perfusion after the contrast agent
was used. This is reflected in the perfusion rate
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Figure 1. Images of contrast-enhanced ultrasound in SCr normal group and abnormal group. A: SCr normal patient:
contrast agent reaching interlobar artery after 14 seconds. B: Contrast agent reaching corticomedullar after 21
seconds. C: SCr abnormal patient: contrast agent reaching interlobar artery after 43 seconds. D: Contrast agent
reaching corticomedullar after 51 seconds.

of the local tissue. TTP means the time, which
ranges from zero to a maximum, that the con-
trast agent reached the maximal intensity. DP/
means that the contrast agent attained the
peak intensity.

Statistical analysis

All data were presented as mean + SD or men-
tioned as median and range. Independent sam-
ples group t test was used to compare the two
groups. Differences were considered signifi-
cant at P < 0.05. Statistical analysis was per-
formed using SPSS17.0 software.

Results

Two-dimensional ultrasound and color doppler
ultrasound scans

There was no significant difference between
the two groups, in terms of the indices, with
two-dimensional ultrasound. Color Doppler
ultrasound showed that there were significant
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differences between the two groups regarding
the RI of the interlobar artery (t = 2.73, P =
0.03) and PI (t = 2.53, P = 0.02). Other param-
eters showed no statistical significance (Table
1).

Contrast-enhanced ultrasound examination

Ultrasonogram of transplanted kidneys showed
that the ultrasounds of the iliac arteries, renal
arteries, segment arteries, interlobar arteries,
arcuate arteries, and interlobular arteries were
gradually enhanced after injection of the con-
trast agent, followed by enhancement of the
renal cortex and medulla. However, the renal
medulla started to enhance slower than the
renal cortex. The contrast agent was perfused
from the edge of each cone and then slowly
enhanced to the center. The entire medulla
was enhanced in order to spend more time
on it than on the cortex. Generally, the cone
center of the medulla was not enhanced when
the contrast agent started to become weak.
However, the transplanted kidney showed
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Figure 2. Time-intensity curve in SCr normal group and abnormal group. A: Normal group; B: Abnormal group. Red
curve: time-intensity curve in cortex region. Yellow curve: time-intensity curve in medulla region.

Table 2. Comparisons of all parameters with CEUS between

normal group and abnormal group (X £ s)

Two-dimensional ultrasound scans
the transplanted kidney and mea-

Group Al DPI1 TTP1

A2 sures the kidney size, cortical and

SCr Normal 1.79+0.59 9.75+1.65 15.72+5.67 1.24+0.50
SCr Abnormal 1.27+0.57 7.45+3.38 19.00+8.05 0.87+0.42
212
0.04

t value 2.18 2.72 1.05
P value 0.03 0.01 0.29

medullary thickness, and observes
the entire kidney histology [13].
Previous study indicated that vol-
ume, cortex and medulla change in
the transplanted kidney at the time

Al: the slope rate of cortical ascending curve; A2: the slope rate of medul-
lary ascending curve; DPI1: cortical derived peak intensity; TTP1: cortical

time to peak.

uniform enhancement during nephrography
(Figure 1A, 1B). Meanwhile, this study showed
that because of the SCr levels of the abnormal
group, a longer time was necessary to make
the cortex and medulla enhance completely
when compared to the normal group. However,
this result might be because of a subjective
factor error (Figure 1C, 1D).

Comparisons of TIC curve

There were significant differences between the
normal group and the abnormal group in terms
of the A1, A2, and DPI1 (Figure 2, P < 0.05).
TTP1 was delayed in the SCr abnormal group,
but it was not statistically significant (P > 0.05,
Table 2; Figure 3).

Discussion

Although renal allograft is one of the most
effective methods regarding therapy for end-
stage renal failure, postoperative complication-
especially rejection reaction-is a crucial cause
of renal dysfunction. At present, complication
is monitored by two-dimensional ultrasound,
color Doppler ultrasound or renal resistance
index [12].
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of rejection [14]. Two-dimensional
ultrasound reflected general renal
structure and not flow condition in
the kidney. Our results showed that
the above indices of renal function in trans-
planted kidneys were not significantly different,
thereby indicating that changes in size, thick-
ness of the cortex and medulla, and kidney vol-
umes were non-specific.

Color Doppler ultrasound distinctly showed the
hemodynamic conditions of the renal arterial
branch vessels. However, since the flow signal
of the renal artery is affected by flow speed and
detection angle, one ultrasound cannot indi-
cate the exact perfusion condition. Moreover,
color Doppler ultrasound is not sensitive to
slow blood flow and is dependent on the detec-
tion angle to show poor micro-perfusion in a
transplanted kidney. Our results show no sig-
nificant difference between the normal group
and the abnormal group in terms of the peak
systolic velocity (PSV) and the end diastolic
velocity (EDV) of the segmental artery, interlo-
bar artery, and arcuate artery.

The resistance index (RI) is an important index
to assess renal allograft dysfunction. Radmehr
et al. [15] reported that Doppler examinations
were done in all patients three times during
the first week on days one, three, and five post-
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Figure 3. Comparisons of all parameters in SCr normal group and SCr abnormal

group with CEUS technique.

transplantation and suggested that the mean
Rl and Pl were both noticeably increased in
patients with complications. Tarzamni et al.
[16] and Nezami et al. [17] found that the SCr
levels were high in renal allograft recipients
and that Rl and Pl were also significantly corre-
lated with the SCr levels. There was a linear cor-
relation between the RI, Pl, and Cr (r = 0.126).
Thus, the RI, PIl, and SCr level were markers to
predict renal allograft function.

However, there was obvious uncertainty for RI.
For example, blood intima-media thickness,
intervention of pulse pressure, and impulse
speed affect the Rl value. Whether 0.8 was the
best threshold value to reflect the transplanted
kidney condition is still not certain. Only an
increase in Rl was not sufficient to assess renal
function, acute renal tubular necrosis, calci-
neurin inhibitor toxicity, and rejection [13, 18,
19]. Based on the above reasons, an increased
RI value was limited to chronic rejection reac-
tion. This study suggests that the Rl and PI of
the segmental and arcuate arteries indicate no
significant difference between the SCr normal
group and the SCr abnormal group, but there
was a significant difference between the two
groups regarding the RI and PI of the interlobar
artery, thereby indicating that the RI was uncer-
tain in predicting transplant kidney lesion.

Tissue perfusion and pathological changes
of solid organ through quantitative analysis
to blood flow are understood by contrast-
enhanced ultrasound (CEUS) technology, which
uses acoustic contrast to enhance tissue
and organ image. SonoVue is a new contrast
agent and the micro-bubble diameter was only
3-8 uym. Furthermore, SonoVue is metabolized
through the pulmonary circulation. Additionally,
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Abnormal group

SonoVue only exists in the
vessel and does not enter
the tissue space; moreover,
SonoVue could stay in the
vessel for an adequate
time in order to meet clini-
cal needs. Because the
micro-bubble exists in the
vessel and reaches to
micro-vessels of all tissues
easily, contrast imaging
provides blood perfusion
information of all organs
involved in the microcir-
culation.

A\

Ultrasonogram of the transplanted kidney
showed that the ultrasounds of the iliac arter-
ies, renal arteries, segment arteries, interlobar
arteries, arcuate arteries, and interlobular
arteries were gradually enhanced, followed by
enhancement of the renal cortex and medulla.
However, the renal medulla started to enhance
at a slower rate than the renal cortex. The con-
trast agent was perfused from the edge of each
cone and then slowly enhanced to the center.
The entire medulla was enhanced in order to
spend more time on it than on the cortex.
Generally, the cone center of the medulla was
not enhanced when the contrast agent started
to become weak. However, the transplanted
kidney was uniformly enhanced during the pro-
cess of nephrography. Meanwhile, this study
showed that more time was necessary for com-
pletely enhancing the cortex and medulla in the
SCr normal group compared to the SCr abnor-
mal group. However, this result might be
because of a subjective factor error.

With the application of real-time in contrast
ultrasound, exact quantitative analysis has
been made possible in recent years. According
to the change of the echo signal intensity of
the contrast agent in the region of interest
(ROI), the contrast agent time-intensity curve
was established to get relative quantitative
parameters, such as time to peak (TTP), dura-
tion peak index (DPI), cure ascending slope (A),
and area under the curve (AUC). The parame-
ters combine with the dynamic process of
nephrography and change of nephrography
intensity to reflect blood flow characteristics
and vessel features. Thus, contrast ultrasound
was able to provide better tissue perfusion
data [20]. Fischer has reported that 6 patients
with acute renal rejection and 11 patients with-
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out rejection underwent an ultra sound (US)
examination after intravenous bolus adminis-
tration of an US contrast medium (SonoVue). It
was found that a quantitative analysis of the
arterial arrival of the US contrast agent in the
early phase after renal transplantation was
possible. This new US procedure might identify
acute rejection earlier than traditional ultra-
sound techniques [21].

This study showed that the perfusion index of
a transplanted kidney with normal renal func-
tion was better than that of a transplanted kid-
ney with abnormal renal function. Furthermore,
there was a significant difference between the
slope rate of the cortical ascending curve (A1)
and the medullary ascending curve (A2) and
the derived peak intensity (DPI1) between the
normal group and the abnormal group (P <
0.05). In addition, time-to peak (TTP1) was lon-
ger in the abnormal group, but there was no
significant difference between the normal
group and the abnormal group (P > 0.05). These
results indicate that CEUS detected changes in
microcirculation perfusion in the transplanted
kidney with abnormal renal function. Moreover,
blood perfusion data provided by CEUS corre-
lated with renal function, which reflects the
renal function of the transplanted kidney.

In conclusion, CEUS precisely manifested the
renal parenchymal microcirculation feature.
Moreover, ultrasound quantitative analysis is
very useful in assessing tissue perfusion.
Therefore, we consider CEUS as a new tech-
nique that monitors renal microcirculation
exactly and conveniently and has many advan-
tages, such as ideal imaging quality, being non-
traumatic, and having no contraindications.
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